Relativistic ranging time delay, incorporated to the NASA ODP code, was originally calculated by Moyer [1] under assumption that the gravitating body that deflects light, does not move. Regarding the Sun, it means that the ODP code derives the ranging delay in the heliocentric frame. Let us introduce the heliocentric coordinates X α = (X 0 , X i ) = (cT, X), and use notation x α = (x 0 , x i ) = (ct, x) for the barycentric coordinates of the solar system, which origin is at the center of mass of the solar system. The Sun moves with respect to the barycentric frame with velocity v ⊙ = dx ⊙ /dt amounting to ∼ 15 m/s due to the cumulative gravitational attraction of Jupiter, Saturn, and other planets [2] . We have noticed [3] that though this velocity looks small, it can not be neglected in such high-precision relativity experiments as, for example, Cassini [4, 5] .
A legitimate question arises whether the ODP code accounts for the solar motion or not. We analyzed this question in [3] by doing calculations of the Doppler shift caused by the gravitational shift of the moving Sun. We came to the conclusion that the ODP code does take into account the motion of the Sun and that this motion presents in the Cassini ranging data. Original paper on Cassini experiment [4] did not analyze the impact of the solar motion on the results of the experiment. Hence, Bertotti et al [6] have decided to look at the problem at different angle by making direct use of the lighttime equation (the Shapiro ranging time delay). Unfortunately, insufficiently elaborated comparison of the two different mathematical techniques did not allow Bertotti et al [6] to properly compare the results of the two studies. Below we show that the result of Bertotti et al paper [6] exactly coincides with that obtained in our paper [3] .
The ranging time delay in the heliocentric coordinates with the Sun located at the origin of this frame is well-known [7] . After making use of the heliocentric coordinates it reads
where γ is a parameter of the PPN formalism [7] , X 2 and X 1 are the heliocentric coordinates of observer on the Earth and emitter (Cassini spacecraft) respectively, distance of the emitter from the Sun is R 2 = |X 2 |, distance of the observer from the Sun is R 1 = X 1 , and R 12 = |X 2 − X 1 | is the null-cone heliocentric distance between the emitter and observer. This equation coincides exactly (after reconciling our and Moyer's notations for distances) with the ODP time-delay equation given in section 8 of the ODP manual on page 8-19 [1] .
Moyer [1] had transformed the argument of the logarithm in the heliocentric ranging delay (2) to the barycentric frame by making use of substitutions
where x 2 = x(t 2 ), x 1 = x(t 1 ) are the barycentric coordinates of the observer and the emitter taken at time of observation, t 2 , and emission, t 1 , respectively. The ODP manual [1] does not provide any evidence that these substitutions in the ranging time delay (2) are consistent with relativity and do not violate the Lorentz symmetry of the Cassini experiment. Nonetheless, equations (2), (3) are legitimate transformations from the heliocentric to the barycentric frame in the sense that they take into account velocity of the Sun in the argument of the ranging time delay in the linearized approximation. This is because the solar barycentric coordinate x ⊙ (t 1 ) at the time of emission t 1 is not the same as the solar coordinate x ⊙ (t 2 ) at the time of observation t 2
due to the non-zero velocity v ⊙ (t 1 ) of the Sun. However, spatial transformations (3) are not sufficient in order to get all velocitydependent terms of the first order in the ranging time delay. The reason is that the Newtonian part of the ranging delay (1) contains time in its left side, which must be transformed from one frame to another with taking into account the post-Newtonian correction:
2 . This was done by Bertotti et al [6] who obtained that the ranging time delay in the heliocentric and barycentric frames must be related by the simple equation
where r 12 = |r 2 − r 1 |, r 1 = |r 1 |, r 2 = |r 2 |, β ⊙ = v ⊙ /c, and k is a unit vector along the light ray from the emitter to the observer. Formula (5) was derived previously in our work [8] (see also [9] for the case γ = 1).
Bertotti et al [6, section 4] noticed that our paper [3] neglected the post-Newtonian correction in the transformation of the time coordinate: T ⇒ t + v ⊙ x/c 2 . Hence, [6] believed that [3] missed the velocity-dependent term in front of the logarithmic function in equation (5) . However, our paper [3] dealt with the gravitational Doppler shift of the Cassini radio frequency, that is with the time derivative of the original heliocentric equation (1) . Transformation of the gravitational Doppler shift does not require to transform time in order to get all linear velocity-dependent corrections, because the heliocentric equation for the Doppler shift is already proportional to velocities of observer and emitter. Hence, the only transformation, which remains to complete is the transformation of the velocities, which can be done after making use of transformations (3) of spatial coordinates differentiated with respect to time (see [3, equations 12-15] ). Our equation for the gravitational Doppler shift, z gr , written down in the barycentric coordinates is [3, 8] 
where β 1 = (1/c)dx 1 /dt -velocity of the emitter, β 2 = (1/c)dx 2 /dt -velocity of the observer,γ = γ − 1, and the dot between two vectors denotes a scalar dot product. Vector
where R ⊙ -radius of the Sun, d -radius-vector of the impact parameter of the radio signal with respect to the Sun, d = |d|, and α ⊙ = 8.5×10 −6 rad is the solar gravitational deflection of light on its limb.
The first term in the right side of equation (6) was obtained by Bertotti and Giampieri [10] under condition that the Sun does not move. The second term in the right side of equation (6) would lead to deviation from general relativity in case ofγ = 0. The solar velocity β ⊙ also enters this term, has the same magnitude as the terms with γ and, hence, correlates with the measurement ofγ. This α B β ⊙ ≃ 3 × 10 −13 correction comes from the time derivative of the argument of the logarithmic function in equation (5) as shown in [3] . Differentiation of the solar-velocity term in front of the logarithm in equation (5) would give corrections of the next order of magnitude to the right side of the Doppler shit equation (6) . We did not forget that term but neglected it due to its smallness. We conclude that the remark Bertotti et al [6] on that we missed the velocity term in front of the logarithm in equation (5) is incorrect and irrelevant for our Doppler shift formula calculations in [3] .
The paper by Bertotti et al [6] also claims that the velocity-dependent terms appear in the time delay (5) only in front of the logarithmic function. This claim is misleading. This is true that the argument of the logarithm in equation (5) does not contain velocitydependent terms explicitly. However, the distance r 12 connects two different positions of the Sun, which are not the same in the barycentric coordinates because the Sun moves. The post-Newtonian expansion of distance r 12 yields
where r = |r| and r = x 2 − x 1 = kr is a null-cone vector connecting the observer to the emitter along the radio wave path from the Cassini to the observer. The post-Newtonian expansion of the ranging delay (5) is
which explicitly reveals the presence of the velocity-dependent terms in the argument of the ranging time delay. Equation (9) has been derived in our paper [3] , and its logarithmic part is just a partial derivative of the heliocentric time delay with respect to the PPN parameter γ as shown in [3, equation 25 ]. Bertotti et al. [6] claimed that expression (9) for the ranging time delay is not used in the ODP code and can not be applied for theoretical analysis of the Cassini experiment as we did in [3] . Therefore, Bertotti et al. [6] have concluded that our numerical estimates of the gravitational shift of frequency caused by motion of the Sun with respect to the barycenter of the solar system as given in [3] , are incorrect. These statements of Bertotti et al. [6] are erroneous as they have overlooked that expression (9) has exactly the same logarithmic function as in equation (5), but with the argument expressed, instead of distance r 12 , in terms of the null-cone distance r and velocity of the Sun, v ⊙ , via self-consistent mathematical transformation (8) . For these reasons, our numerical estimates and theoretical conclusions [3] of the impact of the solar motion on the results of the Cassini experiment, stand valid.
